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® Oimers of parathyroid hormone antagonists. 



© The present invention relates to dlmers of pep- 
tide hormone analogues and their use as inhibitors 
of their respective naturally occurring peptide hor- 
mone. The structure of the dimers is exemplified by 
([Tyra*Cys39lPTH{21-39)NH 2 )a. alpha, epsilon (- 

2fCTyr 3i ]PTH(21-38))2LysNH 2 and (- 

^ [Nle 8 - ' 9 .Tyr 3 * .C ys 39 ]bPTH(7-39)NH 2 ) a . 
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DIMERS OF PARATHYROID HORMONE ANTAGONISTS 



BACKGROUND OF THE INVENTION 

This invention relates to the use of peptide 
hormone analogues for inhibiting the naturally oc- 
curring hormone peptide in vivo and in vitro. These 
peptide hormone analogues when administered to 
a vertebrate, such as mammals, block the en- 
drocrine activity of the peptide hormone or other 
analogous molecules. These peptide hormone ana- 
logues are also useful in vitro in combination with a 
bioassay for the naturally occurring hormone. The 
peptide hormone analogues are useful in treating 
various diseases caused by hormone excess and 
in treating hormone dependent tumors. One exam- 
ple of this invention relates to the synthesis of 
dimers of parathyroid hormone analogues useful 
for inhibiting the action of parathyroid hormone 
both in vivo and In vitro. 

Analysts of the relation of structure to hormonal 
function has provided important insights into the 
mechanism of action of peptide hormones. Each 
type of peptide hormone has an affinity for specific 
receptors to which it binds. Upon binding, the pep- 
tide hormone acts either directly or causes a 
change in the intracellular concentration of a sec- 
ond messenger molecule such as cyclic AMP, 
cyclic GMP, or calcium ions. These second mes- 
senger molecules, in turn, cause changes In the 
metabolism or physiology of the cell. These 
changes in cell metabolism or physiology are di- 
rectly or Indirectly dependent upon the binding of 
the peptide hormone to its specific cell surface 
receptor. Therefore, if the cell surface receptor is 
blocked then the hormone effect is also blocked. 

Peptide hormone analogues have long been 
known as a method through which the biochemistry 
of hormones can be studied and evaluated. En- 
docrinologists have long desired a method for pro- 
ducing a class of peptide hormone analogues 
which would allow the blocking of specific hormone 
receptors without activating a change In the second 
messenger molecules, thereby avoiding the hor- 
mone induced metabolic changes. 

Rosenblatt et al., U.S. Patent 4.423.037 and the 
publications referred to therein describe the struc- 
ture of certain peptide hormone analogues and 
their binding to cell receptors. In particular, these 
publications describe the properties of parathyroid 
hormone analogues and their physiological prop- 
erties. 

Scientific efforts over a period of many years 
have sought to understand the interaction between 
peptide hormones and the cell surface receptor 
specific for each peptide hormone. One of the 



peptide hormones, parathyroid hormone, has been 
studied by using analogues of parathyroid hormone 
(PTH). One objective of these studies has been to 
understand the binding of the peptide hormone to 

5 the cell surface receptor such that an analogue 
could be constructed which would bind with the 
same or greater affinity than the naturally occurring 
hormone. This analogue would enable the peptide 
hormone analogue of parathyroid hormone to be 

to used to block the effect of the naturally occurring 
parathyroid hormone. One of the major problems 
encountered in this search for a clinically and phar- 
macologically effective parathyroid hormone ana- 
logue was the problem of agonist activity. Agonist 

rs activity is the property of the peptide hormone 
analogue to itself stimulate the change in second 
messengers which brings about the physiological * 
change associated with the naturally occurring hor- 
mone. Therefore, the problem was to create hor- 

20 mone analogues which would bind with high affinity 
to the appropriate hormone cell surface receptor 
but not stimulate a change in the second mes- 
senger concentration, that is. not act as hormone 
itself. These analdgues could then be used In treat- 

25 ing hormone related diseases. 

It is an object' of the present invention to pro- 
vide dimers of PTH antagonists. These dimers 
greatly decrease the macroscopic dissociation off- 
rate for a multimeric receptor. It is theorized that 

30 one arm of the dlmer is not free to move away 
from the receptor as long as the other arm is 
bound and thus the dimer is more likely to reas- 
sodate. Further, once one arm is bound to the 
receptor, the second is more likely to bind, thus 

36 increasing the on-rate. 

Another object of the present invention is to 
provide novel PTH dimers. Another object of the 
present invention is to provide a novel method of 
inhibiting the action of PTH through the administra- 

40 • tion of novel PTH dimers. Still another object of the 
invention is to provide PTH dimers wherein amino 
acid modifications result in binding to all the sur- 
face receptor without activating the second mes- 
senger molecule. The above and other objects are 5 

45 accomplished by the present invention in the man- 4 
ner more fully described below. * 



SUMMARY OF THE INVENTION 

The present Invention provides a peptide which 
comprises a dimer of PTH antagonist. The dimer 
can be linked by a bridge at positions 35 to 39. 
Cystine or lysine are particularly useful bridges at 
these positions. A [Cys 31 ] or [Lys 39 ] bridg is par- 
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ticularly effective. The dimer can hav arms con- 
taining from 19 to 37 amino acids, particularly from 
19 to 33 amino acids. The particular PTH dimers 
have one of the following structures: 

(Pyr> 4 .Cys 39 ]PTH(21 -39)NH 2 ) 2 ; <[Nle 8 ' 18 , s 

Tyr3\Cys«]bPTH<7-39)NH 2 ) acfPyr^JPTH (21- 
38)) 2 LysNHaer^fNIe 8 * 1 B .Tyr3* JhPTH (7-38)>2 LysNH 2 . 
The PTH can be human parathyroid hormone 
(hPTH), bovine parathyroid hormone (bPTH) or rat 
parathyroid hormone (rPTH). 1Q 

The present invention aJso provides a method 
of inhibiting the action of parathyroid hormone 
comprising the administration of therapeutically ef- 
fective amount of a parathyroid hormone dimer 
described above. The present invention also pro- is 
vides a method of treating osteoporosis or hyper- 
calcemia comprising the administration of a 
therapeuticaily effective amount of a parathyroid 
hormone dimer described above. A method of 
treating hyperparathyroidism comprising the ad- 20 
ministration of a therapeuticaily effective amount of 
the parathyroid hormone dimers of this invention is 
also provided. A method of treating hyper- 
parathyroidism expressed as a hypercaicemic cri- 
sis, renal failure or hypertension is also provided. A js 
method of treating the disease state produced by a 
tumor or other cell overproducing a peptide 
hormone-like molecule and method of treating im- 
mune diseases wherein the disease state com- 
prises inflammation, an allergic response, or hy- 30 
peractive lymphocytes is also provided by the nov- 
el peptide hormone dimers of the present inven- 
tion. 



DETAILED DESCRIPTION OF THE INVENTION 

Various other objects, features and attendant 
advantages of the present invention will be more 
fully appreciated as the same becomes better un- <o 
derstood from the following detailed description. 

Extensive structure and activity studies have 
now led to the design of peptide hormone dimers 
which have high binding affinity for their respective 
cell surface receptors while not stimulating the pro- <a 
duction of second messenger molecules. An exam- 
ple of such a peptide hormone dimer is (• 
Pyr^.Cys* 9 ] PTH(21-39)NH 2 ) 3 ; (- 

[Nle e - ,8 ,Tyr^Cys«]bPTH (7-39)NH 2 ); a.«<[Tyr*h 
PTH(21 -38)) 2 LysNH 2 ; 0. «Nle« ^Tyr3*]hPTH<7<J8>- 50 
) 2 LysNH 2 which inhibits PTH. in vivo but does not 
act as an agonist 

Agonist activity is dependent upon the pres- 
ence of the N-terminal amino add sequence. The 
removal of the two to six end terminal amino acids 55 
results in the loss of most If not all agonist activi- 
ties. Therefore, the second messenger molecules 
are not affected by those dimers which have the 



altered amino terminus. PTH dimers with two to six 
amino acids removed from the N- terminus pro- 
duces an inhibitor which still binds with high affinity 
to the peptide hormone receptor without causing a 
change in cyclic AMP concentration. 

The following is the 34-amino acid sequence of 
bovine parathyroid hormone (bPTH): 

H2N-ALA-VAL-SER-GLU-ILE-GLN-PHE-MET-HIS- 
ASN-LEU-GLY-CYS-HIS-LEU< 1 5)-SER-SER-MET- 
GLU-ARQ-VAL-QLU-TRP-LEU-ARQ-LYS-LYS-LEU- 
GLN-ASP(30)-VAL-HIS-ASN-PHE-C0OH. 

The following is the 34-amino acid sequence of 
human parathyroid hormone (hPTH): 
H2N-S ER-VAL-SER-GLLW LE-GLN- LEU-MET- HIS- 
ASN(10)-LEU-Gl.Y-LYS-HIS-LEU-ASN-SER-MET- 
GLU-ARG<20>-VAL-GLU-TRP-LEU-ARG-LYS-LYS- 
LEU-GLN-ASP(30>-VAL-HIS-ASN-PHE-COOH. 

The following is the 34-amino add sequence of 
rat parathyroid hormone (rPTH): 
H2N-ALA-VAL-SER-GLU-ILE-GLN-LEU-MET-HIS- 
ASN(1 OH.EU-GLY-LYS-HIS-LEU-ALA-SER-VAL- 
GLU-ARG(20>-MET-GLN-TRP-LEU-ARG-LYS-LYS- 
LEU-GLN-ASP(30)-VAL-HIS-ASN-PHE-COOH. 

Fragments of peptide hormones containing the 
region specific for binding to the cell surface re- 
ceptor can be used as inhibitors or blocking 
agents. For parathyroid hormone, the N-terminal 34 
amino adds are sufficient to define binding speci- 
ficity to the parathyroid hormone cell surface re- 
ceptor. This receptor specifidty is further defined 
by the following publication herein incorporated by 
reference: M. Rosenblatt et ah. Endocrinology 
107:2, 545-550. 1980 and S. R. Nussbaum. et ai.. 
Journal of Biological Chemistry. 255:10183, 1980. 

The presence of D-amino acids in peptide hor- 
mone In place of L-amino acids results in a peptide 
resistant to catabofism. However, not all such sub- 
stitutions result in an active peptide hormone. The 
insertion of D-tyrosine at position 34 in PTH results 
in a significant increase in the biological activity of 
the hormone In addition to increasing stability of 
the peptide. The utilization of D-amino adds in 
peptide hormone synthesis is described in the fol- 
lowing publications herein incorporated by refer- 
ence: Coltrera, et ai.. Bio chemistry. 19:4380-43B5. 
1980; Rosenblatt et aJ.. Biochemistry. 20:7246^ 
7250, 1981. 

The balance of the description will be divided 
into two sections. Section I will describe the prep- 
aration and structure of inhibitors of peptide hor- 
mones. Section II will discuss the use of the pep- 
tide hormone Inhibitors, 
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such as ethytoleate. 

Compositions for rectal administration ar sup- 
positories which may contain In addition to the 
active substance., expients such as cocoa butter or 
a suppository wax. The dosage of active ingredient 
in the compositions of this invention may be varied; 
however it is necessary the amount of the active 
ingredient shall be such that a suitable dosage 
form is obtained. The selected dosage form de- 
pends upon the desired therapeutic effect on the 
route on the administration, and on the duration of 
the treatment 

Obviously, numerous modifications and vari- 
ations of the present invention are possible in light 
of the above teachings. It is therefore to be under- 
stood that within the scope of the appended claims, 
the invention may be practiced otherwise than as 
specifically described herein. 



EXAMPLE 1 



Preparation Dimeric of Peptide Hormone Inhibitors 
Containing Cystine Bridge 



moved sequentially by first treating the amino add- 
resin with piperidin CH a CI 3 followed by standard 
TFA deblocking of the Boc group. The two free 
amino groups of Lys are acylated simultaneously 

5 with protected amino acids until the desired 
peptide-resin such as « .a<[Tyr 3 *]PTH(21-38))a-Lys- 
MBHR is prepared. The dimeric product is cleaved 
from the solid support by "low-high" HF cleavage 
(Tarn. JACS 105: 6447-6455 (1983)) and purified 

io by gel filtration (G-50F.50%HOAc) and preparative 
reverse phase HPLC. 



EXAMPLE 3 

is 



PTH Binding Assay Results 

20 

in the adenylate cyclase assay of Caporaie, L. 
et al. Peptldes: Structure and Function , Proc. 9th 
Am. Pept Symp. p. 663 (1985) the dlmer (• 
25 P"yr*\Cys 39 ]PTH(21.39)NH a >a exhibited a 25-fold 
increase in antagonist potency (ICso 20uM) over its 
monomelic derivative. 



The monomelic peptide intermediate is syn- 
thesized by the solid phase method using Cys- 
(Acm) at the point of cystine bridge formation, the 
monomelic peptide such as [Tyi 4 *Cys<Acm) M ] 
PTH<21-39) is obtained from peptide-resin by "tow- 
high" HF cleavage (Tarn, JACS 105 , 6442-6455 
(1983} and purified on Sephedex G-50F etutfng 
with 50% HOAc. Further purification is carried out 
by HPLC. The monomeric intermediate is con- 
verted to the dimeric product such as ([Tyr 3 *Cys M - 
[PTH <2l-39))a using l a in 80% HOAc. The dimeric 
product is isolated by gel filtration (Q-50F. 
50% HOAc) and preparative reverse phase HPLC. 



EXAMPLE 2 

f 

i 

Preparation of Dimeric Inhibitors Containing a 
Lysine Bridge 



The dimeric peptide such as y ,<-([Tyr 1 *] PTH- 
(2l-38)>2Lys-NH2 is assembled by the solid phase 
method by couplingo-Fmoc-Lys(Boc) to 4-methyl- 
benzhydryl amine-resin (USB) using standard cou- 
pling protocol. The two blocking groups are re- 



30 Claims 



1. A peptide which comprises a dlmer of a 
PTH antagonist. 

2. A peptide according to Claim 1 wherein the 
35 arms of the dlmer are linked by a bridge at position 

35 to 39. 

3. A peptide according to Claim 2 wherein the 
PTH is hPTH, bPTH or rPTH. 

4. A peptide according to Claim 3 wherein the 
40 arms of the dimer contain from 19 to 37 amino 

acids. 

5. A peptide according to Claim 4 wherein the 
bridge is cystine. 

6. A peptide according to Claim 4 wherein the 
48 bridge is lysine. 

7. A peptide according to Claim 5 which is (- 
[Tyr 34 .Cys 39 ]PTH(21 -39)NH 2 h ; ([Nle»- 1f . 
Tyr 3 * t Cys" ]bPTH(7-39)NHa)a . 

8. A peptide according to Claim 6 which is 
so alpha, epsilon aTyr 3 *]PTH(21-38)> 2 LysNH l i; alpha, 

epsilon ([Nle^.Tyr 3 * ]hPTH(7-38)) 2 LysNH 2 . 

9. The use of a peptide as claimed in any one 
of claims 1 to 8 for the preparation of a medica- 
ment useful for Increasing the affinity of a PTH 

55 antagonist for a PTH receptor. 
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10. An in vitro bioassay of parathyroid hor- 
mone, wherein a measured amount of the peptide 
of Claim I inhibits binding a parathyroid hormone to 
a PTH receptor in vitro. 

11. The use as claimed in claim 9, wherein s 
said medicament is for the treatment of hypercal- 
cemia. 

12. The use as claimed in Claim 9, wherein" 
said medicament is for the diagnosing or treating of 
hyperparathyroidism. w 

13. The use as claimed in Claim 9. wherein a 
tumor produces a parathyroid hormone-like sub- 
stance. 14. The use as claimed in Claim 9, wherein 
said medicament is for the treatment of an immune 
disease. rs 

15. The use as claimed in Claim 9, wherein 
said medicament is for the treatment of hyperten- 
sion. 

16. The use as claimed in Claim 9, wherein 

said medicament is for the treatment of 20 
osteoporosis. 

17. A pharmaceutical composition which com- 
prises an effective amount of a peptide of Claim I 
and a pharmaceutical^ acceptable carrier. 
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